Background: Francisella tularensis is the causative agent of tularemia in humans and a large number of animal species. Considering recent evidence of the circulation of this bacterium in different parts of Iran, especially in the western provinces, the aim of current study was to determine the tularemia seroprevalence in the human population living in Ilam Province. Methods: In 2015, 360 serum samples were collected from five groups of people: ranchers (n = 112), farmers (n = 79), butchers and slaughterhouse workers (n = 61), Nature Conservation Officers (n = 34), and referents of medical diagnostic laboratories (n = 74). These samples were tested for the presence of anti-F. tularensis IgG antibodies using the ELISA method. Results: According to the ELISA manufacturer cutoffs, we found that 10 (2.78%) and 9 (2.5%) sera, respectively, were positive or borderline for F. tularensis IgG antibodies. The highest tularemia seroprevalence was observed among farmers (7.59%). Conclusions: Our results strongly support the circulation of tularemia in Ilam Province. Because no human tularemia case has been reported so far in this province, we recommend specific education programs to increase knowledge of local health care professionals about this important zoonotic disease.
Background
Francisella tularensis is a Gram-negative, intracellular bacterium, causing tularemia in humans and many animal species [1] . This pathogen is considered a biological threat agent because it can induce severe diseases even at a low infectious dose, it can be spread by aerosols, it can survive for months in water and soil environments, only a limited number of antibiotics can be used for treatment, and no vaccine is available for prevention of tularemia [2] . The species F. tularensis classically includes four subspecies: tularensis (type A), holarctica (type B), mediasiatica and novicida. Only the two former subspecies are considered causative agents of tularemia in the world. Type A strains are mostly found in North America. Type B strains are spread throughout the northern hemisphere, and thus is the only subspecies causing tularemia in Europe and Asia [3] . Type B strains have been recently detected in Australia [4] .
F. tularensis can infect many vertebrate and invertebrate animals. Small rodents and lagomorphs (rabbits and hares) are considered the primary source of human infections. Domestic animals (especially lambs and cats in the United States) can occasionally be infected with (or carriers of ) F. tularensis, and may transmit the disease to humans [2] . At-risk groups for tularemia include laboratory staff, farmers, ranchers, hunters, veterinarians, Nature Conservation Officers, butchers and slaughterhouse workers [5] . The routes of tularemia transmission to humans are numerous: direct contact with infected animals (especially hares); consumption of F. tularensis-contaminated meat or water; arthropod bites (mainly ticks, and mosquitoes in specific areas); and exposure to a contaminated water or soil environment [1, 3, [6] [7] [8] .
The clinical manifestations of tularemia in humans vary from an asymptomatic infection to very severe diseases, which may lead to death [9] . After a mean incubation period of 3-5 days, the disease begins often with flu-like symptoms such as fever, chills, weakness, myalgia, joint pain, sore throats and headache. Then, depending on the route of infection, the disease may evolve to one of six main clinical forms: glandular, ulceroglandular, oropharyngeal, oculoglandular, pneumonic, and typhoidal [3] . Type A infections are usually more severe than type B, and the mortality rates in untreated patients are 10-40 and 1%, respectively [9] .
In Iran, the first human tularemia case was reported in 1981 from the western part of the country (Kurdistan province). The patient suffered from a glandular form of tularemia, with fever, chills, myalgia, fatigue, headache, anorexia and severe enlargement of the inguinal lymph nodes [10] . Since then, no other tularemia case has been reported in Iran [5] . Recent seroepidemiological studies, however, have reported significant prevalence of anti-F. tularensis antibodies in the Iranian population [11] [12] [13] . In a recent study, F. tularensis has been detected in rabbits and rodents in Iran by molecular methods [14] . On the other hand, Turkey (a neighboring country in northwestern Iran), reported annually 400-2000 human tularemia cases during the 2009-2012 period [8] . In fact, very few recent studies have evaluated the status and epidemiology of tularemia in Iran. The aim of the current study was to investigate the tularemia seroprevalence among high-risk groups of individuals in the western province of Ilam.
Methods

Study area
This study was conducted in Ilam Province, western Iran, in 2015 (Fig. 1) . The province population is approximately 600,000, and it is located in a mountainous region with a Mediterranean climate. This province covers an area of 20,000 km 2 , about 1.2% of Iran.
Sampling
Blood samples were collected in three counties located on the western part of Ilam Province: Ilam, Dehloran and Mehran (Table 1) . Patients included in the study were over 18 years old and belonged to one of four atrisk populations: ranchers, farmers, butchers and slaughterhouse workers, and Nature Conservation Officers. Referents of medical diagnostic laboratories (healthy people without any clinical symptoms) from the same area were selected as the control group. Informed consent was obtained from all selected individuals. For each participant, a 5 ml blood sample was taken and all samples transferred immediately to the laboratory for serum extraction. Serum samples were then stored at − 20°C. All sera were sent to the National Reference Laboratory for Plague, Tularemia and Q fever in the Pasteur Institute of Iran for serological investigations. Demographic and epidemiological data from people included in the study were collected using two questionnaires. The demographic questionnaire included the following information: age, sex, education, occupation, marital status, county and place of residence. The second questionnaire collected risk factors for F. tularensis exposure: owning animals; hunting; consumption of meat from wild animals; contact with a sick animal or its corpse; bites from arthropods (ticks, fleas and mosquitoes); splashing blood or other body fluids on the face or body; consumption of non-pasteurized milk or dairy products; cutting hands or other parts of the body during work with animals; use of personal protective equipment; and in general knowledge of zoonosis and protective measures against this infectious risk.
Serology
All sera were tested for the presence of F. tularensis IgG antibodies using the commercial ELISA kit (Serion ELISA classic Francisella tularensis, Virion/Serion GmbH, Würz-burg, Germany) according to the manufacturer's instructions. The retrieved ODs were evaluated according to the protocols of Serion/Verion and the IgG was reported in a quantitative way. The titer of IgG antibody was calculated using a logistic-log model calculation in U/ml. Using cutoff titers advocated by the manufacturer serological titers were reported as positive (antibody titer > 15 U/ml), borderline (10-15 U/ml), or negative (< 10 U/ml).
Statistical analysis
The data was analyzed using Stata software version 11 (StataCorp, College Station, TX, USA). The potential influence of tularemia risk factors on the observed seroprevalence rates was investigated by logistic regression analysis. P-values less than 0.05 were considered statistically significant.
Results
We collected 360 serum samples from the five studied groups, including ranchers (n = 112), farmers (n = 79), butchers and slaughterhouse workers (n = 61), Nature Conservation Officers (n = 34), and referents of medical diagnostic laboratories (n = 74). Among these participants, 76.29% were males, 89.86% were married, and 45.18, 44.88 and 10.44% were living in urban, rural or nomadic areas, respectively. The mean (± SD) age of the tested subjects was 40.54 (±13.55) years old (range 18 to 78 years).
Of the 367 sera samples, 10 (2.78%) and 9 (2.5%) of participants were considered positive or borderline for anti-F. tularensis IgG antibodies, respectively. No present or past history of tularemia could be recorded in seropositive individuals. The highest and the lowest tularemia seroprevalence were observed in farmers (7.59%) and Nature Conservation Officers (0%), respectively (Table 2) . Seroprevalence was almost the same in all the studied counties and in both genders. The age 31-40 years and over 50 years old had the highest and lowest seroprevalence, respectively. None of the investigated risk factors had a statistically significant relationship with tularemia seroposivity (Table 3 ).
Discussion
Our study strongly supports the presence of tularemia in Ilam Province. The overall tularemia seroprevalence among different populations studied was 2.78%, although we found a seroprevalence of 7.59% in farmers, which are probably more exposed to the F. tularensis animal reservoir. A much higher seroprevalence (14.7%) was previously reported in Kurdistan Province, western Iran [12] . A seroprevalence of 6.5% was also found in butchers and slaughterhouse workers in the Sistan and Baluchestan province, southeast of Iran [13] .
The prevalence of tularemia in different parts of the world is highly dependent on people culture and lifestyle, although ecological conditions have an irrefutable role [15] [16] [17] . In Iran, the highest prevalence of tularemia has been observed among hunters (18%), and contact with wildlife has been shown to be a significant risk factor [12] . In the present study, there was no statistically significant relationship between tularemia seroprevalence and hunting or eating meat from wildlife animals. A rarer practice of hunting in the province of Ilam compared to other provinces of Iran may be one of the reasons for lower exposure to F. tularensis and lower tularemia seroprevalence.
Living in rural areas is usually considered a major risk factor for tularemia because of more frequent contact with wildlife animals [18, 19] . However, we found only weak difference of seroprevalence between rural and urban people of the study (3.77% versus 2.53%, NS). Similar studies in Iranian Kurdistan [12] and Turkey [20] have also reported non-significant differences between rural and urban populations. This probably means that people living in urban areas keep frequent contact with the rural environment. As in other studies [12, 13, 18] , gender was not associated with a significant difference in tularemia seroprevalence. More surprisingly, a higher age was not associated with a higher seroprevalence of tularemia in our present study, while previous ones have shown a higher seroprevalence in older people [12, 18] . A possible explanation could be that tularemia has been reintroduced recently in Ilam Province, and thus middle-aged people, most at risk of tularemia, have higher seroprevalence. Tularemia prevalence also depends on the main reservoirs and modes of transmission of F. tularensis to humans and animals. Several studies in Turkey have shown that tularemia outbreaks have occurred in recent years because of the consumption of contaminated water. A water-borne tularemia infection usually concerns a large population, of all ages, and all year round. Water sources are usually contaminated by the wildlife reservoir, including small rodents that are carriers of or infected by F. tularensis. The role of migratory birds has also been taken into consideration, because their respiratory secretions and feces can cause water contamination [21, 22] . Tularemia outbreaks have never been reported in Iran, which is not in favor of extensive water reservoir of tularemia. The role of ticks in the transmission of tularemia should be further evaluated as this mode of transmission is highly prevalent in most tularemia endemic countries.
Finally, the absence of any statistically significant risk factors in our study may be related to the small number of seropositive participants (10 out of 367 studied individuals). Therefore, it is recommended that the number of participants be higher in similar studies in areas with low tularemia seroprevalence.
Although we found anti-F. tularensis antibodies in several serum samples, no clinical case of tularemia has been reported so far in Ilam Province. The Serion ELISA method for detection of IgG antibodies directed against F. tularensis antigen is considered highly sensitive and specific [23] . Thus, our results highly suggest that tularemia is underdiagnosed in Ilam Province. F. tularensis strains circulating in Iran should probably be of type B as in the rest of Asia [1] . Type B strains usually cause infections of mild to moderate severity that can remained undiagnosed [18, 24] . On the other hand, very low attention has been paid to tularemia in training programs for physicians in Iran, and laboratories capable of confirming tularemia cases have only existed for a few years in Iran. It may be assumed that some tularemia patients have been treated blindly with antibiotics [12] . Therefore, failure to report human tularemia cases in Ilam Province is partly justifiable and does not necessarily mean that the disease is absent. According to the high prevalence of tularemia in the neighboring countries of Iran, including Azerbaijan [18] , Armenia [25] and Turkey [26] , and the high tularemia seroprevalence we found in the present and in previous studies, there is a high potential for human infections with F. tularensis occurring in different parts throughout the country. Therefore, tularemia should be considered as a differential diagnosis in patients suffering from infectious diseases that have compatible clinical manifestations. Continuous monitoring of the presence of this bacterium should be carried out in different parts throughout Iran. Furthermore, to identify the potential reservoirs of F. tularensis, studies should be conducted to isolate this bacterium from various sources such as water and wild rodents.
One of the limitations of this study was the lack of an appropriate occupational group representing the general population. Referents of medical diagnostic labs were selected as the control group because of the possibility of taking blood samples from them. However, they may not be a representative sample of the general population. Nonetheless, the non-significant difference in the tularemia seroprevalence observed in this group compared to the other occupational groups may indicate that risk of exposure to F. tularensis in Ilam Province is unrelated to professional activities. Also, although the ELISA method has a high sensitivity and specificity for detection of anti-F. tularensis antibodies and this test has been previously used for seroepidemiological studies, other methods such as western blot, culture and PCR tests are required to confirm tularemia diagnosis [27, 28] .
Conclusions
Based on results of the present study and previous literature [5, 29, 30] , tularemia is probably endemic in Iran.
Further studies are needed to confirm the occurrence of human tularemia cases and evaluate their true incidence in Iran. Physicians and other health care professionals must be further sensitized about this zoonotic risk to achieve this goal.
